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Description 

[0001] This invention relates to a method and appa- 
ratus for electrical measurement of oil quality, applicable 
to diesel fuel, or hydraulic, gearbox, transformer or en- 
gine oil, and preferably lubricating oil; and especially a 
method and apparatus for use in an engine, machine or 
filter. 

Background 

[0002] It has been known for many years that the com- 
plex permittivity (or dielectric coefficient) of an engine 
lubricating oil changes with use, that is to say, both the 
real part and the imaginary part change in response to 
changes in dissolved and suspended components of the 
oil. Such components are, for example, soot particles, 
water, acid combustion products, glycols, and ferrous 
and non ferrous metatlic particles . In addition, oils often 
contain additives such as viscosity improvers and anti- 
oxidants which tend to break down with continued en- 
gine use, especially in the presence of water and me- 
tallic particles, which also accelerate the process of ox- 
idation and general degradation. 
[0003] It is also known that the reliability and longevity 
of an engine is crucially dependent upon the quality of 
its lubricating oil, and that an apparatus designed to de- 
tect some point at which the quality is deemed to be un- 
acceptable would be desirable. In particular, when used 
in conjunction with a secondary bypass engine filter de- 
signed to remove particulate material down to 1 micron, 
such a device would be useful. Since such a filter may 
pass say 1% of the output from the oil pump, the differ- 
ential pressure across the input and output of the filter 
is very low, making it difficult to measure. Consequently 
it is also difficult to know whether the filter element has 
become blocked. If this were to happen, however, the 
effect of the bypass filter in removing debris would be 
lost, and the concentration of contaminants would rise 
rapidly. Such a rise, or rate of change, could be detected 
by an oil quality monitor, enabling the filter or filter ele- 
ment to be replaced. If the oil quality monitor were to 
indicate poor quality, a sample may then be taken from 
the engine or machine, and sent to a suitable laboratory 
or facility for advanced spectrographic or chemical anal- 
ysis, which may then reveal the presence of excessive 
soot, water, glycol, oxidation products, or metallic parti- 
cles. 

[0004] Also, degradation of most oils, such as due to 
oxidation or electrical breakdown, tends to result in the 
generation of products whose molecules are generally 
more polar than the oil from which they came. The base 
oil often comprises large hydrocarbon molecules which 
are generally only weakly polar, so the presence of most 
contaminants will result in an increase in one or both 
parts of the oil's complex permittivity. An oil quality mon- 
itor which measures permittivity is therefore suitable for 
measuring changes in, for example, transformer oil, or 



the oil in gearboxes and transmissions which may be 
subjected to the high temperatures and agitation which 
are conducive to oxidation. 

[0005] Transmission units and other hydraulic sys- 
s terns such as rams may also become contaminated with 
water as a result of working in wet or damp environ- 
ments. Water will cause an increase in both parts of the 
oil's complex permittivity, and may therefore be detected 
by apparatus according to the invention. 
[0006] Advanced oil analysis as carried out by an ac- 
credited laboratory subjects oil samples to a battery of 
tests, one of which is often a basic measurement of di- 
electric properties, often carried out by hand. An oil qual- 
ity monitor according to the invention may be incorpo- 
rated into an automated production line. The invention 
may be adapted so that a sensing head is provided at 
the end of a slender flexible rod suitable for insertion 
into the dipstick orifice of an engine or machine to allow 
in situ measurement of oil quality in an engine or ma- 
chine not otherwise fitted with an oil quality measuring 
device. 

Description of Prior Art 

[0007] In US31 82255, Hopkins et at. describe a de- 
vice in which a bridge circuit Is used to measure the AC 
impedance of one arm of the bridge, which contains a 
capacitive element whose capacitance changes with 
the dielectric strength (sic) of a drop of lubricating oil. 
This device requires the physical removal of an oil sam- 
ple from the vehicle, and makes no distinction as to 
whether the measured parameter is the real or the im- 
aginary part of the permittivity. It can be shown that the 
impedance of a capacitor containing a dielectric de- 
pends, to first order, upon the real part, and to second 
order, upon the imaginary part, so that, even if no 
change occurs in the real part, there will nevertheless 
be a change in the modulus, or magnitude, of the per- 
mittivity, if there is a change in the lossiness of the die- 
lectric, such as may occur through the presence of car- 
bon particles, it is this magnitude which is usually re- 
ferred to loosely as "dielectric constant". In another pat- 
ent, US4064455, Hopkins et al. describe the use of an 
identical bridge circuit, but this time in conjunction with 
data storage and computational facilities. 
[0008] In EP0291363, Warenghem et al. describe a 
parallel plate capacitor, the capacitance of which varies 
with the concentration of carbon particles. In this docu- 
ment, capacitance is not defined as complex and is tak- 
en to refer to the modulus, or magnitude. No indication 
is given as to the means by which capacitance is actually 
measured. 

[0009] In US4733556, Meitzler et al. describe a par- 
allel plate capacitive sensor designed to fit between the 
engine block and the filter, where changes in the mag- 
nitude of capacitance are used to generate changes in 
the frequency of an associated oscillator. It is this 
change in frequency which is measured and subse- 
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quently compared, not with soot content ot the oil, but 
with its viscosity. Although it is known that the complex 
permittivity of polar liquids will change with viscosity, it 
is also known that the viscosity will tend to increase with 
increasing soot concentration. This increase in viscosity s 
is a macroscopic effect in the sense that a soot particle 
is many orders of magnitude larger than a molecule, and 
it is felt that measurement of dielectric constant is not a 
reliable indicator of viscosity in sooty oils. 
[0010] In US4345202, Nagy et al. describe the use of 
microwaves In the range 8 to 12 GHz to measure soot 
content in engine oil, whereby nulls in the standing 
waves on a coaxial transmission line are located by 
means of a plurality of detectors arranged along the 
transmission line which is itself immersed in the sump 
of the engine 

[0011] In US5 134381 , Schmitz et al. describe the use 
of a concentric capacitive sensor along whose axis 
passes, a fuel/alcohol mixture. Measurement of the ca- 
pacitance of the sensor then provides the means where- 
by the alcohol content of the fuel may be determined, 
given a priori knowledge of the water content also. It ap- 
pears that the capacitive sensor is excited by an external 
oscillator with the intention of measuring the impedance 
of the sensor and possibly also an associated phase 
shift. 

[001 2] Many other known devices are concerned with 
the measurement of the relative permittivity of fluids or 
fluid-like materials other than engine oil, many of which 
are distinctly multiphase. For example, in US2121920 a 
means for measuring the mass and moisture content of 
tobacco is described in which a parallel plate capacitive 
test cell is placed in series with an inductance. The re- 
sulting RLC circuit is tested for resonance by manually 
sweeping it with an oscillator, and measuring the mag- 
nitude and frequency of the response. 
[0013] In (JS5272444, Cox describes a method for 
measuring the water content and salinity (water cut) of 
a petroleum stream via measurement of temperature, 
resistivity and dielectric constant, but gives no details 
as to the mechanical arrangement of the sensor. It is 
clear however that the sensor is excited by an oscillator 
running at one of two fixed frequencies viz. 15MHz and 
30MHz. 

[0014] In US4932243, Suh et al. describe an online 
means for measuring the moisture content of a material, 
for example polymer pellets, using a capacitive sensor 
comprising three conductive concentric cylinders 
through which the material passes axially. The capaci- 
tance and dielectric loss are determined using "well 
known techniques" which are not detailed. 
[0015] In US4288741, Dechene et al. describe a 
method for measuring both displacement and conduc- 
tion currents in a two phase fluid of which one is as- 
sumed to be conductive, to determine the relative frac- 
tions of the phase. This is achieved by driving a capac- 
itive sensor via an oscillator of fixed frequency with the 
intention of separating the relatively large conduction 



current from the relatively small capacitive current due 
to the AC excitation voltage. 

[0016] lnUS4181881, Preikschat describes an appa- 
ratus also intended to measure the so-called dielectric 
coefficient and conductivity of various materials. This 
appears to be a batch testing method, and precise de- 
tails of the capacitive sensor are not provided, other than 
to describe it as an earthed rectangular box with an ac- 
tive centre electrode. The capacitive sensor is excited 
by means of a stable crystal oscillator, the bridge circuit- 
ry being designed to measure the phase and amplitude 
of the voltage across the sensor. 
[0017] In US3979581, Reulend describes a method 
of measuring the mass of tobacco by exciting a capac- 
itive sensor with a signal from a swept external oscillator. 
In this arrangement a discriminator measures the fre- 
quency while a demodulator and differentiator locate the 
frequency and amplitude at which amplitude resonance 
occurs. Precise details of the capacitive sensor are not 
provided, but It appears to be a parallel plate capacitor 
of indeterminate size, possibly of the same order of 
magnitude as a cigarette. 

[0018] In GB2249636, McBrearty describes an inline 
dielectric sensor using a form of interdigitating capacitor 
to measure the dielectric coefficient and loss factor of 
molten polymers. This is accomplished by exciting the 
sensor with a sine wave generator. In the document, it 
is stated that a current to voltage converter and a lock- 
in amplifier are used to measure the amplitude and 
phase of the resultant alternating current. 
[0019] W096/28742 describes an apparatus intend- 
ed specifically for on-line monitoring of engine lubricat- 
ing oils in diesel engines, and discusses the necessity 
or desirability of carrying out continuous monitoring of 
the oil. In this apparatus, the fundamental principal is 
that of measuring the dielectric coefficient of the oil, but 
in order to extract the greatest amount of information 
from the sample, the apparatus uses an arrangement of 
electromagnets to concentrate ferrous particles in the 
vicinity of a flat interdigitating capacitive sensor. Al- 
though the interdigitating capacitor is an interesting and 
useful configuration, the given formula relating capaci- 
tance to the dimensions of the capacitor refers to a par- 
allel plate configuration, and so appears to be inaccu- 
rate in that context. The capacitor forms part of an os- 
cillator circuit whose frequency varies with the dielectric 
coefficient of the oil. Since no inductor is present in the 
block diagram or in the text, it is assumed that the circuit 
is found to be self resonant as a result of parasitic in- 
ductances or the self inductance of the capacitive sen- 
sor. The inventors state that "the sensor element is 
charged by an oscillator circuit .... using a monostable 
multivibrator to generate an output signal at a frequency 
corresponding to the sensor element capacitance". This 
can be taken to mean that the oscillator frequency is de- 
termined directly by the sensor capacitance, or that the 
frequency of the oscillator is adjusted until it coincides 
with the self resonant frequency of the sensor. In any 



15 



20 



25 



30 



35 



40 



45 



50 



3 



EP 0 980 522 B1 



5 

event, the measurand is the frequency, so the parame- 
ter actually being measured is the magnitude of the di- 
electric coefficient (sometimes referred to as "dielectric 
constant"). 

[0020] It is known that a few devices have attempted 
to correlate oil quality with dielectric coefficient by meas- 
uring the capacitance of a capacitor with the oil as a di- 
electric. This has been achieved by measuring either the 
change in AC impedance or by measuring the change 
in frequency when connected in an LC resonant circuit. 
However, in these cases what is actually being meas- 
ured is the magnitude of the capacitance, which chang- 
es slightly with the lossiness Tan5 of the dielectric, but 
also changes with dielectric constant. Such devices 
therefore have the disadvantages of being sensitive to 
oil base type, and only being sensitive to the second or- 
der as regards the loss term Tan5. 

Summary of the Invention 

[0021] The present invention provides apparatus for 
measuring oil quality based on the permittivity (dielectric 
coefficient) of the oil comprising a capacitive sensor for 
exposure to the oil, and an oscillator circuit including the 
sensor, characterised in that the oscillator circuit com- 
prises an LC or crystal oscillator and provides an output 
signal, the amplitude of which is dependent upon the 
lossiness Tan5 of the oil, and measuring means that re- 
sponds to the amplitude of said output signal as a meas- 
ure of oil quality. 

[0022] In particular, the amplitude can be inversely 
proportional to the Tan8 value. Tan5 is the ratio e7e' 
where e" is the imaginary part of the complex relative 
permittivity and e' is the real part. The oil can be diesel 
fuel or another light mineral oil. The oil is preferably lu- 
bricating oil. 

[0023] Thus, the output of the oscillator varies In re- 
sponse to changes in the lossiness of the dielectric me- 
dium (the oil), which in turn are determined principally 
by changes In the oil's soot content, acidity, and polar 
oxidation products. It is this change in the amplitude of 
the oscillator output which provides a measure of the oil 
quality. 

[0024] The present invention is applicable to diesel fu- 
el and oil in engines, or oil in hydraulic transmissions or 
machines, or oil in electrical machines where contami- 
nants may be introduced into the oil by electrical break- 
down or ingress of moisture. 

[0025] The present invention also relates to an engine 
or machine including said electrical measuring appara- 
tus. In particular, the sensor may be fitted to the oil sup- 
ply tunnel or sump of the engine or machine. Alterna- 
tively, the sensor may be fitted to an oil filter, such as an 
oil bypass filter, attached to the engine. 
[0026] The present invention also relates to an oil by- 
pass filter for attachment to an engine, the oil bypass 
filter including said electrical measurement apparatus. 
[0027] The present invention also relates to a method 



of measuring oil quality based on the permittivity of the 
oil using an oscillator circuit including a capacitive sen- 
sor, characterised in that the sensor is an LC or crystal 
oscillator which provides an output signal, the amplitude 

s of which is dependent upon the lossiness Tan8 of the 
oil, and is used to give a measure of oil quality. 
[0028] The sensor is preferably incorporated in a sen- 
sor head which is generally concentric or radially sym- 
metric. It is preferably perforated or slotted to allow the 

10 free passage of oil over the electrically active surfaces 
of the sensor. Typically, the sensor head is about 1 0mm 
in diameter, being small enough to fit into a hole such 
as might be provided in an engine for an oil pressure 
switch, such as a 1/8" NPT (National Pipe Thread) or 

15 1/4" BSP (British Standard Pipe) orifice. The associated 
oscillator electronics are located in the space behind the 
sensor head, which can take the form of a hollow hex- 
agonal nut approximately 30mm A/F by 20mm deep. 
Since the electronic circuitry is at approximately the 

20 same temperature as the oil, it comprises components 
which will operate in elevated temperatures, for exam- 
ple, up to 150°C, and, optionally, which will also provide 
compensation to allow for temperature dependent 
changes in the dielectric medium. 

25 [0029] It is known that changes in temperature affect 
electronic components such as transistors, inductors 
and capacitors, so that the output of the circuit, inde- 
pendently of the oil dielectric, is a function of tempera- 
ture. The electrical properties of the oil itself are also 

30 affected by temperature. The most visible effect is the 
change in density, which is effectively linear over the 
range of interest, that is, from about 30°C to 150°C. it 
follows that the concentration of contaminants, being in- 
versely proportional to volume, will fall with increasing 

35 temperature. Simultaneously, however, the viscosity of 
the oil also falls with temperature, allowing greater free- 
dom of motion for the constituent molecules, and It can 
be shown theoretically that the greater the average di- 
pole moment of the liquid, the greater will be its depend- 

40 ence on temperature. In order to operate accurately 
over a wide range of temperatures, some form of com- 
pensation is necessary, Incorporated into the electron- 
ics is a small temperature sensor whose output, after 
suitable buffering, is passed out of the sensor head to 

45 a display unit. 

[0030] The display unit incorporates a microproces- 
sor which accepts as input the output voltage from the 
oscillator and the output from the temperature sensor. 
By means of a suitable lookup table or algorithm, this 

so allows the appropriate adjustments to be made in order 
to render the final indication independent of temperature 
over the range say 30°C to 1 50°C. 
[0031] Generally, the curve showing oscillator output 
versus temperature is a bivariate function of permittivity 

55 and temperature, so full compensation requires a two 
dimensional lookup table or algorithm. However, it is 
found in practice that with the correct choice of operating 
frequency the slope of the curve is only weakly depend- 
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ent on the concentration of contaminants, allowing the 
use of a simpler one dimensional table. Figure 9 shows 
a number of typical curves where the change in oscilla- 
tor output is plotted against temperature. The upper 
curve is for a clean engine oil, while the lower curves 
are for progressively more contaminated engine oil. 
[0032] Oils are generally a complex mixture of hydro- 
carbons and proprietary additives, such that the output 
of the oscillator differs slightly according to the precise 
formulation. Although it has been found in practice that 
the output differs by only a few percent to within one 
standard deviation over a wide range of different oils 
from different manufacturers (as shown in Figure 10), 
calibration means Is included to eliminate even this 
small source of error. When the vehicle or machine is 
serviced or supplied with fresh oil, the microprocessor 
may accept an Input from a recessed switch or coded 
transmitter when the correct operating temperature has 
been reached, such that that particular value is held in 
memory, and therefore becomes the baseline against 
which all subsequent readings will be compared. 
[0033] In the event of the main power supply being 
cut, such as removal of the vehicle or machine's battery, 
the contents of the memory are retained in, for example, 
an electrically erasable programmable read only mem- 
ory (EEPROM). This same EEPROM may also hold sev- 
eral hundred sets of readings sampled over the lifetime 
of the oil, typically 300 to 500 hours. The data may then 
be downloaded Into a computer for subsequent exami- 
nation and analysis, or it may be suitably encoded and 
transmitted to a remote location by radio for example. 
In addition to the measured value of the oil's quality, the 
rate of change of the device's output is an important in- 
dicator of engine health. If the slope of output versus 
time should unexpectedly increase, this would tend to 
indicate a sudden increase in contaminants, requiring 
Immediate remedial attention before damage should oc- 
cur. In order to improve the reliability of the data, the 
microprocessor accepts for example 10 measurements 
at short intervals, such that the final value displayed or 
stored is the arithmetic mean of the measured values. 
[0034] The final, visible part of the microprocessor's 
output may take the form of a warning light or buzzer, 
or for test and diagnostic purposes may take the form 
of an alphanumeric display. 

[0035] In the preferred sensor, the body of the sensor 
is at ground potential, while an integral automotive style 
connector provides one pin for the output signal, one pin 
for the temperature output, and a further pin for DC pow- 
er input, which may be 12V or 24V. 
[0036] In one embodiment, the apparatus is used in 
conjunction with a secondary filter. In this way, oil drain 
intervals may be extended with consequent cost sav- 
ings, and the reliability of the engine is enhanced by the 
use of oil of consistently high quality. Additionally, anal- 
ysis of the oil can provide an indication of faults in the 
engine allowing early rectification and the planned 
scheduling of preventive maintenance to avoid expen- 



8 

sive downtime. 

[0037] The preferred apparatus according to the 
present invention is, advantageously, of very low cost, 
for example, comparable with that of an inexpensive au- 
s tomotive pressure sensor, and of small size, and requir- 
ing little or no modification to the engine or machine. It 
is preferably intended to be fitted permanently to the en- 
gine or secondary filter, and to monitor the quality of the 
oil continuously throughout the life of the engine or ma- 
10 chine. It is preferably insensitive to changes in temper- 
ature, within a range of, say, 30°C to 150°C, or In the 
case of hydraulic oils, from 20°C to 1 00°C. It is insensi- 
tive to changes in base oil type from one manufacturer 
to another. In a preferred embodiment, the apparatus Is 
15 powered directly by the engine or vehicle 12V or 24V 
electrical supply, and provides a single output consisting 
of an analogue voltage which varies in response to 
changes in the electrical properties of the oil. This signal 
may be used to drive a dashboard display which indi- 
go cates the current state of the oil to the operator, and 
which may include a visible or audible warning to indi- 
cate a filter change, oil change, or sample to be sent for 
analysis. 

[0038] In a further embodiment, the output may be 
25 passed to the vehicle's on-board computer, where the 
data may be sampled periodically and stored in memory 
for real time analysis or for subsequent downloading 
and examination. 

[0039] In a further embodiment the sensor comprises 

30 an oscillator running at, say, 200 to 300 MHz and mount- 
ed on a printed circuit board (PCB) approximately 8 mm 
wide by 20 mm long. This small size is achieved through 
the use of surface mount components. The active sens- 
ing head is attached directly to the PCB and surrounded 

35 by a perforated metallic cover which provides mechan- 
ical protection, electrical screening and a return path for 
radiated electromagnetic energy. A small temperature 
sensitive element such as a thermistor is also fitted, and 
its output carried along a flexible hollow tube such as 

^o the outer part of a Bowden cable. The oscillator is sup- 
plied with power from a separate regulated supply, 
which is also fed down the hollow tube. Careful choice 
of the bias point of the oscillator will ensure that, as the 
oscillator voltage varies with Tanfi, so also does the cur- 

45 rent, which then reflects any change in Tan8 due to con- 
tamination of the oil. Temperature compensation is ap- 
plied in the manner already referred to by measuring the 
output from the temperature sensor, and then applying 
a correction in the display unit. In a further embodiment, 

50 the output from the temperature sensor is digitised and 
carried on the power supply lead. An active sensor of 
this size may advantageously be used for attachment to 
the end of a vehicle's dipstick (normally used for check- 
ing oil levels), or it may form part of a separate instru- 

55 ment for use by garages and testing stations to carry out 
a quick check on oil quality for stationary vehicles or ma- 
chines. The sensor may be used for measuring the qual- 
ity of oil in an engine, hydraulic machine, gearbox, or 
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any other apparatus using non polar mineral oils. 
[0040] A preferred embodiment of the present inven- 
tion will now be described, by way of example and with 
reference to the accompany drawings in which: 

Figure 1 (a) shows the circuit diagram of a sensor 
head according to the invention, 

Figure 1 (b) shows the sensor head of Figure 1(a) 
connected to measuring and display means, 

Figure 2 shows a cross sectional view of the sensor 
head of Figure 1(b), 

Figure 3 shows the sensor head according to a sec- 
ond embodiment where the outer cylinder is re- 
placed by an arrangement of conducting pins, 

Figure 4 (a) shows the sensor attached to an engine 
block, 

Figure 4 (b) shows the sensor alternatively attached 
to an engine sump, 

Figure 5 shows the sensor attached to a secondary 
bypass filter of an engine, 

Figure 6 shows a graph which plots the device out- 
put against soot concentration for a variety of oils 
from engines of different type, 

Figure 7 shows a graph which plots the change in 
output against distance for a typical small petrol 
driven automobile, 

Figure 8 shows a graph similar to Figure 7 for a large 
diesel engined commercial vehicle, 

Figure 9 shows a number of curves of sensor output 
against temperature for engine oils of different lev- 
els of contamination, 

Figure 10 shows the variation in sensor output for 
different brands of engine oil, and 

Figure 11 shows a typical plot of the real and imag- 
inary part of permittivity for all frequencies. 

Physical Basis of the Invention 

[0041] Mineral lubricating oil is an essentially non-po- 
lar liquid dielectric with very high resistivity that is to say, 
the passage of non alternating conduction current 
through it is negligible, even when loaded with conduc- 
tive particles such as soot. It may be characterised by 
its permittivity, which is in general complex, consisting 
of a real and an imaginary part, that is 



or equivalent^, 



e = e' (1 -jTan6) 



where j = V(-1 ) and TanS = eVe'. The phase angle 5 Is a 
10 measure of the lossiness, or dissipation factor, of the 
dielectric, and will determine the maximum amplitude at- 
tainable by a tuned circuit of which it forms a part. 
[0042] In any capacitor, the capacitance is always 
proportional to e, so capacitance Is in general complex, 
15 and may be written as 

C = C 0 (1 - JTan5) 

20 where C 0 is the value of the capacitance with an other- 
wise lossless dielectric. It can be seen that the magni- 
tude, or modulus, of the capacitance is therefore 

25 |C| = C 0 V(1 +Tan 2 6) 

[0043] When the sensing element is a simple capac- 
itor such as described, the idea of a lossy dielectric is 
intuitively clear, and the mathematical analysis is 

30 straightforward. However, the sensing element may al- 
so take the form of a short antenna radiating into the 
lossy dielectric medium, where the characteristics of the 
medium influence the loading on the antenna. In this 
case the analysis, in which the near field components 

35 of the antenna are important, is more complicated, but 
the effect on the oscillator is the same, that is, the volt- 
age and current will change with changes in the value 
of Tan5 of the medium. These changes may be meas- 
ured and interpreted as changes in the quality of the oil. 

40 [0044] In an unused lubricating oil at a typical operat- 
ing frequency, TanS is typically around 0.01 , increasing 
to perhaps 0.1 for a heavily contaminated sample, while 
e' is typically 2.25 to 2.45. For small concentrations of 
soot up to a few percent, Tan5 is approximately propor- 

45 tional to soot concentration, while the corresponding 
change in e' is only a few percent at most. This means 
that TanS is the most suitable parameter for indicating 
oil quality, being insensitive to variations in the compo- 
sition of clean oils, and having the greatest rate of 

so change during use and subsequent contamination. 
[0045] Apart from soot in engine oil, a further impor- 
tant contaminant is represented by oxidation products, 
which may also be present in hydraulic oils. Oxidation 
tends to occur in particular when the oil is hot, and is 

55 accelerated by the presence of catalytic agents such as 
copper, iron or water. These products consist generally 
of alcohols, aldehydes, and ketones, which will break 
down further into acids and esters In varying concentra- 
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tions. 

[0046] Since these molecules tend to possess strong 
dipole moments, the oil becomes a more or less dilute 
solution of polar materials in a non polar solvent. Each 
polar molecule is associated with a particular relaxation 
time, or distribution of relaxation times, which are them- 
selves dependent on temperature. As the temperature 
Increases, the viscosity falls, allowing greater dipole mo- 
bility and hence shorter relaxation times. 
[0047] Whene" is plotted against e'forall frequencies, 
that is from DC to several GHz, the resultant curve has 
the general shape shown in Figure 11. An empirical 
model which usually fits the data is a modified form of 
the Cole Davidson equation: 

(e - eJ/(£o " O = < 1 + Out)*)'*, 0 < a < I 

where a and p are both positive real numbers, and re- 
flect the distributions of relaxation times x of the many 
species present. When p = 1 the curve forms an arc of 
a circle. The effect of a is to depress the centre of this 
circle below the Imaginary axis, while the effect of (* Is 
to skew the curve from a generally circular form. [J is 
usually quite close to 1 . Examination of this expression 
shows that some care is required In selecting the oper- 
ating frequency. Differentiation of the above expression 
shows that a low value of frequency o> will give rise to a 
rapid rate of change In TanS, with frequency, making It 
unduly sensitive to the stability of the oscillator. At the 
peak value of Tan8 the rate of change of Tan8 with fre- 
quency Is zero but this Is true only for a particular oil at 
a particular temperature, making the device useless for 
all but a very limited range of conditions. At the higher 
frequencies, the rate of change is smaller, but so also is 
TanS, so a tradeoff is necessary between sensitivity on 
the one hand and accuracy over a range of oils, temper- 
atures and contaminants on the other. The small size of 
the device tends to dictate the use of higher frequencies, 
but these must not be so high as to require the use of 
unnecessarily costly components and construction 
techniques. 

[0048] It can be shown that for small TanS the frequen- 
cy is given approximately by 

u> = u> 0 (1-1/4Tan 2 8), 

so a small change in Tan6 gives rise to a corresponding 
small change in oo: 

Aw = -1/2(o 0 Tan8.A(Tan8) 

[0049] The relative change In frequency due to a 
change in TanS is therefore given by 



Ao>/o> = -1/2Tan6. A(Tan8) 

from which it can be seen that a small value of TanS 
3 (which is usually the case) will give rise to only a small 
change in frequency. 

Determination of Tan8 

w [0050] The TanS term is sensed in any of a variety of 
ways, of which one is the measurement of the potential 
difference across a tuned circuit for example as shown 
in Fig 1 . It is well known that the impedance of a parallel 
LC or RLC circuit Increases as the exciting frequency 
15 approaches the resonant frequency (for small TanS 
phase resonance and amplitude resonance are very 
nearly the same, the former being defined as the point 
at which the reactance, or imaginary part of the imped- 
ance, is zero, while the latter is the point at which the 
20 amplitude Is a maximum), and that the potential, or volt- 
age across the circuit increases in the same proportion. 
This apparent amplification is often referred to as the 
"Q" of the circuit, which Is generally the ratio of reac- 
tance to resistance in an RLC circuit, but which in the 
25 context of a lossy dielectric is simply 1/Tan8. 

[0051] If we assume for simplicity that the inductor in 
a tuned circuit possess no resistance, then the imped- 
ances of the inductor and capacitor are respectively. 

30 

Z L = jwL 
1/Z c =jcoC 0 (1 -jTanS) 

35 

where u> is the angular frequency of the current in the 
circuit. It can be shown that phase resonance occurs 
when the two impedances are equal, that is, when 

40 o 

o> 0 2 = 1/(LC 0 ) 

[0052] At this frequency the magnitude of the imped- 
ance is given by 

45 

|Z) = V(LyC 0 ).1/Tan8 

and it follows that the voltage across the circuit is in- 
50 versely proportional to Tan8, all other losses being ig- 
nored. For small changes in TanS it can be shown that 
the percentage change in voltage is proportional to the 
percentage change in Tan8, that is 

AV/V = -A(TanS)/TanS 



15 
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so that, owing to the negative sign in the above expres- 
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sion, an increase in Tan5 implies a corresponding de- 
crease in voltage V. Note that by contrast with the cor- 
responding analysis given above for the change in fre- 
quency with Tan5, the relative change in voltage is large 
for small values of Tan8. This provides good justification 
for the choice of amplitude, (rather than frequency), as 
the preferred measurand. 

[0053] Given that the voltage across the tuned circuit 
changes, it follows that the current in the tuned circuit 
and associated oscillator also changes. Since this 
change in current Is a reflection of the change in oscil- 
lator voltage, it may then advantageously be used to in- 
dicate Tan6, and hence oil quality, as before. This ar- 
rangement allows the use of just two wires from the sen- 
sor, that is, one wire to supply power (from which the 
current is measured) and a second wire to provide the 
output from the temperature sensor. These two outputs 
may advantageously be duplexed, allowing the use of 
just one wire, with the sensor body providing the ground 
connection. 

Description of the Preferred Circuit 

[0054] Referring to Fig 1 (a), the sensing element/ca- 
pacitor 1 of the sensor head H, has a capacitance be- 
tween 1 pF and 50pR and Is connected in parallel across 
inductor 2 (of High Q) via a short coaxial conductor 9. 
The AC voltage across the inductor 2 passes to the base 
of transistor 3 via seties/coupling capacitor 4 which is 
provided to block the passage of DC current through the 
inductor 2. The transistor 3 is provided feedback ele- 
ments such that the circuit is configured as, for example, 
a Colpitts oscillator. In this case, the series capacitor 4 
and the feedback capacitors 5 and 6 appear across the 
sensing capacitor 1 to increase its value, so that the res- 
onant frequency, which may be between 10MHz and 
300 MHz, is determined not only by the sensing capac- 
itor but also to a lesser extent by capacitors 4, 5 and 6. 
The values of the bias resistors 7 and 8 are chosen to 
have only a small effect on the overall "Q" of the circuit. 
The output from the oscillator, which may be taken from 
the emitter of the transistor 3 to ensure a low impedance 
output, passes to a detector circuit 1 0 whose DC output 
is proportional to the amplitude of the signal at the base 
of the transistor, and is filtered to remove the high fre- 
quency component. The DC signal then passes to a low 
output impedance amplifier 11 which provides a small 
amount of gain and, more importantly, suitable buffering 
between the detector and the output lead. 
[0055] In a further embodiment (not shown) the ouput 
from the sensor is simply the current drawn by the os- 
cillator circuit, and is measured In the display means, 
which contains a stabilised constant voltage source. In 
a related embodiment the output from the temperature 
sensor is duplexed onto the power supply lead. 
[0056] Optionally incorporated in the feedback loops 
of the amplifier are temperature sensitive elements such 
as diodes or thermistors which are used to maintain a 



more or less constant output for a given oil sample irre- 
spective of temperature. In a preferred embodiment the 
sensor contains a temperature sensor 1 2 whose output 
passes directly to the display board and is read and in- 

5 terpreted in such a way as to apply temperature com- 
pensation by means of software. As shown in Fig 1a, 
the supplied voltage +V for the circuit is derived from a 
voltage regulator 13 which may also incorporate a tem- 
perature dependent element. The power input to the de- 

10 vice, which may be 12V or 24V, is protected by surge 
suppressors against voltage spikes of up to 120 V such 
as may reasonably be expected on an automotive volt- 
age supply. Both the power input terminal IN and the 
signal output terminal OUT incorporate EMC protection 

15 of EMC/RF filters 14a, 14b such that high frequency en- 
ergy is not radiated by the device, nor is it affected by 
high frequency radiation from some external source. 
[0057] Figure 1b shows the sensor head H connected 
to a microprocessor 1 5 and display board 1 6, where the 

20 input to the microprocessor consists of a voltage TEMP 
dependent on temperature and the output voltage OUT 
from the sensor. The microprocessor includes a mem- 
ory 17 and means tor storage of data and calibration 
values, and also a lookup table for temperature com- 

25 pensation. 

The Capacitive Sensor 

[0058] The sensor, which is shown In cross section In 

30 Figure 2, is in the form of a coaxial capacitor, typically 
10mm in diameter, and generously perforated with per- 
forations or slots 30 in the outer cylinder 33 to allow the 
free passage of oil in the annular space between the 
cylinders 22, 33. In an alternative embodiment (not 

35 shown), the inner cylinder 22 can also have perfora- 
tions. The flow of oil is at least approximately at right 
angles to the axis of the sensor. The outer cylinder 33, 
which is part of the metallic body 20 of the sensor H is 
at ground potential, and the size of the annular gap to 

40 the Inner cylinder 22 Is chosen so that the capacitance, 
including fringing effects, is approximately 1pF to50pF, 
The inner, cylinder 22 extends backwards as a thin shaft 
or screw 24 into the body 20 of the sensor H, where it 
connects electrically with the printed circuit board (PCB) 

45 23. The space between the PCB 23 and the sensing 
head is designed to prevent the Ingress of oil from the 
engine into the PCB compartment, and incorporates 
elastomeric compression seals or "O" rings 31 and/or a 
bush 25 of insulating material such as PTFE (Poly- 

50 tetrafluoroethylene) or PEEK (Polyetheretherketone). 
External electrical connections are made by for example 
spade connectors or moulded automotive connectors 
26. 

[0059] The PCB 23 is held in place by retaining 
55 screws 32. The outer cylinder 33 is provided with a pro- 
tective perforated screen or gauze. In an alternative em- 
bodiment, a protective gauze is not provided. 
[0060] Since the wavelength at the frequency of op- 
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eration is generally much greater than the dimensions 
of the sensor, it is found that the effect of the perforations 
or slots is small, such that a high void ratio is possible. 
[0061 ] In the annular region of a concentric capacitor, 
the electric field is essentially uniform, and is confined 
to the volume between the electrodes. Any change in 
the dielectric medium will be reflected by a correspond- 
ing change In the complex capacitance. If the outer 
earthed part of the capacitor is removed completely, the 
inner element will still radiate into the dielectric medium, 
and the impedance of this element, now behaving like 
an electrically short antenna, is dependent on its dimen- 
sions, the frequency of operation, and the electrical 
characteristics of the medium. It is therefore not essen- 
tial for the sensing element to be in the form of a capac- 
itor in which the field is totally contained, and it may sim- 
ply take the form of a short stub. In constructing a de- 
rivative of the sensor for use in a test laboratory, it may 
be desirable for the sensing element to be as open as 
possible for ease of cleaning, but consistent with the 
need to keep radiated energy to a minimum and to allow 
the sensor to be insensitive to changes in the geometry 
and material of the vessel in which it Is immersed. This 
requirement may be met by the provision of one or more 
grounded pins or elements in the vicinity of the active or 
live sensing element. 

[0062] In a second embodiment, the sensing head dif- 
fers in that the outer cylinder is replaced by an arrange- 
ment of vertical pins such that the alternating electro- 
magnetic field around the central conductor links with 
the pins. Figure 3 shows a view of this sensor with four 
grounded pins 50 in place of the coaxial outer conductor. 
It can be seen that the central conductor 52 is, in effect, 
a short antenna radiating into the dielectric medium. In 
a third embodiment, the sensing head (not shown) dif- 
fers in that there is no grounded outer portion at all, this 
being provided by the engine block itself, or by the hard- 
ware (such as a sump, for example) into which the sen- 
sor is screwed. In this third embodiment the perform- 
ance of the device would be dependent upon the precise 
geometry of the said hardware, and the frequency of op- 
eration is determined principally by the secondary cou- 
pling and feedback capacitors 4, 5 and 6. 
[0063] In a further embodiment a metallic perforated 
screen or gauze is included to provide electromagnetic 
screening (and hence insensitivity to the sensor's Imme- 
diate surroundings) and protection against mechanical 
damage. 

[0064] The compartment 27 which contains the elec- 
tronics is preferably cylindrical, being formed within a 
preferably hexagonal bar like a hexagonal nut to allow 
easy fitment to the engine or machine. It may be typically 
30mm across flats (A/F) and 18mm deep, and may be 
fabricated for example from brass. As a protection 
against the ingress of dust and moisture, and as a pro- 
tection against shock and vibration, the compartment 27 
may be filled with a suitable potting compound such as 
silicone rubber or epoxy resin. As additional protection 



and to provide screening against internally or externally 
generated RF energy, a metallic conductive cap 26 is 
provided. 

[0065] Figure 4a shows one possible application of 
s the preferred apparatus, in which the sensor H is at- 
tached directly to the pressurised oil supply port 62 of 
the engine 60. This oil supply port is usually near the 
primary oil filter 64, and an engine 60 usually has at least 
one tapped hole leading to the supply, frequently for the 
10 provision of an oil pressure switch or sender. The oil 
quality sensor can make advantageous use of one of 
these openings, given that an adaptor for the oil pres- 
sure switch or sender is provided such that both devices 
can operate simultaneously. 
15 [0066] In an alternative application, a T-piece may be 
provided in the oil supply to, for example, an oil cooler 
or turbocharger, such that the sensor is exposed to the 
flow of oil. 

[0067] Figure 4b shows another possible application 
20 of the apparatus, in which it Is attached to a sump 66 of 
the engine 60. In addition to the usual drain plug, large 
diesel engines are usually fitted with at least one other 
sump plug, such as may be used for a sump heater, for 
example. The apparatus fits into the sump in place of 
25 one of these other sump plugs. 

[0068] These plugs are usually found on the side of 
the sump, so that an oil quality sensor H would lie es- 
sentially horizontally within the oil. Since there will al- 
ways be constant motion of the oil due to the action of 
30 the oil pump, there will be no danger of oil stagnating 
within the sensor, which is generously provided with per- 
forations or slots. 

[0069] Figure 5 shows an application of the apparatus 
in which it is attached directly to the inlet side of an oil 

35 bypass filter 68. The purpose of such a secondary filter 
is to remove particulate material down to 1 micron. In 
older or sooty engines In particular, such bypass filters 
tend to become clogged rapidly, and, since there is no 
other effective means of detecting this state.the oil qual- 

40 ity sensor may therefore form part of the whole package , 
that is, bypass filter 68, oil quality sensor H, and asso- 
ciated fittings 70 and hardware (not shown). 
[0070] Figure 6 shows a scatter diagram of device 
output signal amplitude plotted against soot concentra- 

45 tion. Several samples were taken from a wide variety of 
different sources, that Is to say, there was a wide range 
of engine types, all using oils of different viscosities from 
different manufacturers. Although the sample size is rel- 
atively small, It can be seen that the correlation between 

so soot content and sensor output amplitude is good, with 
a correlation coefficient of 91 %. Soot concentration was 
obtained from a laboratory specialising in oil analysis, 
using standard techniques, for example reflectometry or 
gravimetric methods. It is seen from Figure 6 that output 

55 amplitude is sensitive to soot content. It is also seen 
from Figure 7 and Figure 8 that output amplitude chang- 
es with distance (and hence with use) for both petrol and 
diesel engined vehicles. 
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[0071 J Figure 9 shows how the output of the sensor 
H against temperature varies with the level of contami- 
nation of the engine oil. 

[0072] Figure 1 0 shows how the output of the sensor 
H varies with different brands of engine oil. 



Claims 

1. Apparatus for measuring oil quality based on the 
permittivity (dielectric coefficient) (1-8) of the oil 
comprising a capacitive sensor (22,33) for expo- 
sure to the oil, and an oscillator circuit including the 
sensor (22,33) characterised In that the oscillator 
circuit (1-8) comprises an LC or crystal oscillator 
and provides an output signal (OUT), the amplitude 
of which is dependent upon the losslness Tan8 of 
the oil, and measuring means (15) that responds to 
the amplitude of said output signal as a measure of 
oil quality. 

2. Apparatus as claimed in claim 1 , in which the oscil- 
lator circuit (1 -8) Is such that It draws acurrent which 
changes with the lossinessTan5 of the oil and gives 
a measure of oil quality. 

3. Apparatus as claimed in claim I or 2, in which the 
amplitude is substantially inversely proportional to 
Tan8. 

4. Apparatus as claimed in any one of the preceding 
claims, in which the sensor (22,23) is incorporated 
in a sensor head (H) adapted for fitting to an engine 
(60), machine filter (68) or probe so as to be ex- 
posed to said oil. 

5. Apparatus as claimed in claim 4, in which the oscil- 
lator circuit (1 -8) is incorporated in the sensor head. 

6. Apparatus as claimed In claim 4 or 5, in which a tem- 
perature sensor (12) 9s incorporated in the sensor 
head (H) and produces a temperature output signal 
(TEMP) which is passed to the measuring means 
(1 5) so as to allow temperature compensation in the 
output signal. 

7. Apparatus as claimed in claim 6, in which the meas- 
uring means (15) incorporates a processor and 
memory means (1 7) that incorporates a look-up ta- 
ble of temperature compensation values that are 
accessed by the processor (15) according to the 
output signal (OUT) and temperature output signal 
(TEMP) received by the processor (15). 

8. Apparatus as claimed in any one of claims 4 to 6, 
in which the sensor (22,33) is mounted at the end 
of a long hollow flexible probe suitable for insertion 
into an orifice for testing oil. 



9. Apparatus as claimed in any one of the preceding 
claims, in which the measuring means (15) includes 
calibration means which is operable to cause a 
baseline value of the output signal (OUT) to be 

5 saved in memory means (1 7) for reference in deter- 
mining oil quality from subsequent values of the out- 
put signal (OUT). 

10. Apparatus as claimed in claim 9, in which the mem- 
io ory (17) is such as to retain stored values when 

power is disconnected. 

1 1 . Apparatus as claimed in claim 1 0, in which multiple 
sequential values based on the output signal (OUT) 

15 are stored in the memory (1 7) forsubsequent down- 
loading. 

12. Apparatus as claimed in any one of the preceding 
claims, in which the measuring means (15) includes 

20 display means (16) that displays an Indication of oil 
quality. 

13. Apparatus as claimed In any one of the preceding 
claims, in which the output signal (OUT) is suitable 

25 for interfacing with a data bus. 

1 4. Apparatus as claimed in any of the preceding claims 
in which the sensor (22,33) comprises one or more 
capacitor plates (33) pierced with openings (30) to 

30 facilitate ingress of oil. 

1 5. Apparatus as claimed in claim 1 4, comprising a pair 
of concentric capacitor plates (22,33). 

35 16. An engine or machine incorporating apparatus as 
claimed in any one of the preceding claims. 

17. An oil bypass filter for attachment to an engine in- 
corporating apparatus as claimed in any one of 
40 claims 1 to 13. 



1 8. A method of measuring oil quality based on the per- 
mittivity of the oil using an oscillator circuit (1-8) in- 
cluding a capacitive sensor (22), characterised In 
that the sensor is an LC or crystal oscillator and pro- 
vides an output signal (OUT) the amplitude of which 
is dependent upon the lossiness Tan5 of the oil, and 
is used to give a measure of oil quality. 
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Revendlcations 

1 . Appareil de mesure de la qualite d'une huile basee 
sur la permittivity (coefficient dielectrique) (1-8) de 
Phuile comprenant un capteur capacitrf a exposer a 
I'huile et un circuit oscillateur incluant le capteur (22, 
33), caracterise en ce que le circuit oscillateur 
(1 -8) comprend un oscillateur LC ou a cristaux liqui- 
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moyen de memoire (17) est tel qu'il conserve les 
valeurs stockees lorsque Talimentation est coupee. 

11. Appareil selon la revendication 10, dans lequel des 
5 valeurs sequentieltes multiples basees sur le signal 

de sortie (OUT) sont stock6es dans la memoire (1 7) 
pour un telechargement ulterieur. 

12. Appareil selon Tune quelconque des revendications 
10 precedentes, dans lequel le moyen de mesure (1 5) 

comprend un moyen d'afflchage (1 6) qui afflche une 
indication de la qualite de I'huile. 

1 3. Appareil selon Tune quelconque des revendications 
15 precedentes, dans lequel le signal de sortie (OUT) 

est adapts pour etre interface avec un bus de don- 
nees. 

1 4. Appareil selon Tune quelconque des revendications 
20 precedentes, dans lequel le capteur (22, 33) com- 

porte une ou plusieurs plaques de condensateur 
(33) perforees d'ouvertures (30) pour faciliter Tad- 
mission de I'huile. 



19 

des et foumit un signal de sortie (OUT), Tamplitude 
de celui-ci dependant de la deperdition Tan5 de 
I'huile, et un moyen de mesure (15) qui repond a 
Tamplitude dudit signal de sortie en tant que mesure 
de la qualite de I'huile. 

2. Appareil selon la revendication 1 , dans lequel le cir- 
cuit oscillateur (1-8) est tel qu'il engendre un cou- 
rant qui change avec la deperdition Tan6 de Thuile 
et donne une mesure de la qualite de Thuile. 

3. Appareil selon la revendication 1 ou 2, dans lequel 
Tamplitude est sensiblement inversement propor- 
tionnelle a Tan5. 

4. Appareil selon Tune quelconque des revendications 
precedentes, dans lequel le capteur (22, 23) est in- 
corpore dans une tete de capteur (H) adaptee pour 
etre ajustee sur un moteur (60), un filtre de machine 
(68) ou une sonde de facon a etre expose a ladite 
huile. 

5. Appareil selon la revendication 4, dans lequel le cir- 
cuit oscillateur (1-8) est incorpore dans la tete de 
capteur. 

6. Appareil selon la revendication 4 ou 5, dans lequel 
un capteur de temperature (12) est incorpore dans 
la tete de capteur (H) et genere un signal de sortie 
de temperature (TEMP) qui est transmis au moyen 
de mesure (15) de maniere a permettre une com- 
pensation de temperature dans le signal de sortie. 

7. Appareil selon la revendication 6, dans lequel dans 
le moyen de mesure (15) est incorpore* un proces- 
ses et un moyen de memoire (17) qui contient une 
table de conversion de valeurs de compensation de 
temperature a consulter, a laquelle le processeur 
(15) accede en fonction du signal de sortie (OUT) 
et du signal de sortie de temperature (TEMP) recus 
par le processeur (15). 

8. Appareil selon Tune quelconque des revendications 
4 a 6, dans lequel le capteur (22, 33) est monte a 
Textremite d'une longue sonde flexible et creuse, 
prevue pour entrer dans un orifice de verification de 
Thuile. 

9. Appareil selon Tune quelconque des precedentes 
revendications, dans lequel le moyen de mesure 
(15) comprend un moyen d'6talonnage qui peut en- 
trer en fonction pour provoquer la sauvegarde d'une 
valeur de base du signal de sortie (OUT) dans le 
moyen de m6moire (1 7) a titre de reference pour la 
determination de la qualite de Thuile a partir de va- 
leurs ulterieures du signal de sortie (OUT). 

10. Appareil selon la revendication 9, dans lequel le 



25 15. Appareil selon la revendication 14, comprenant une 
palre de plaques de condensateur concentrlques 
(22, 33). 

16. Moteur ou machine incorporant un appareil selon 
30 rune quelconque des revendications precedentes. 

17. Filtre a huile en derivation a fixer sur un moteur in- 
corporant un appareil selon Tune quelconque des 
revendications 1 a 13. 

35 

18. Procede de mesure de la qualite d'une huile base 
sur la permittivite de Thuile utilisant un circuit oscilla- 
teur (1 -B) comprenant un capteur capacitif (22), ca- 
racterise en ce que le capteur est un oscillateur 

40 LC ou a cristaux liquldes et deiivre un signal de sor- 
tie (OUT), Tamplitude de celui-ci dependant de la 
deperdition Tan5 de I'huile, et en ce qu'il est utilise 
pour fournlr une mesure de la qualite de Thuile. 



1 . Vorrichtung zum Messen der 6lgute auf der Basis 
der Dlelektrizitatskonstanten des Ols, umfassend 

50 einen Kapazitatssensor (22, 33) zum Kontakt mit 
dem 6l und eine Oszillatorschaltung (1-8), welche 
den Sensor (22, 33) umfaBt, dadurch gekenn- 
zelchnet, daB die Oszillatorschaltung (1-8) einen 
LC- bzw. Kristalloszillator umfaBt und ein Aus- 

55 gangssignal (OUT) liefert, dessen Amplitude von 
dem dielektrischen Verlustverhaltnis Tan5 des Ols 
abhangt, sowie eine MeBeinrichtung (15), welche 
auf die Amplitude des Ausgangsaignals als MaB der 
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Olgute anspricht. 

2. Vorrichtung nach Anspruch 1 , wobei die Oszillator- 
schaltung (1-8) derart arbeitet, daf3 diese einen 
Strom abnirnmt, welcher sich mit dem Vertustver- s 
haltnis Tan5 des Ols andert und ein Matt der Olgute 
liefert. 

3. Vorrlchtung nach Anspruch 1 Oder 2, wobei die Am- 
plitude im wesentlichen umgekehrt proportional zu 10 
Tan5 1st. 

4. Vorrichtung nach einem der vorangehenden An- 
spruche, wobei der Sensor (22, 33) in einem Sen- 
sorkopf (H) eingebaut ist, welcher zum Anbringen 15 
an einer Maschine (60), einem Maschinenfilter (68) 
Oder einer Sonde zum Kontakt mit dem 6l geeignet 

ist. 

5. Vorrichtung nach Anspruch 4, wobei die Oszillator- 20 
schaltung (1-B) in dem Sensorkopf eingebaut ist. 

6. Vorrichtung nach Anspruch 4 Oder 5, wobei ein 
Temperatursensor (12) in dem Sensorkopf (H) ein- 
gebaut ist und ein Temperatur-Ausgangssignal 25 
(TEMP) erzeugt, welches zu der MeBeinrichtung 
(15) geleitet wird, urn einen Temperaturausgleich 

bei dem Ausgangssignal zu ermoglichen. 

7. Vorrichtung nach Anspruch 6, wobei die MeBein- 30 
richtung (15) einen Prozessor und eine Speicher- 
einrichtung (17) umfaBt, welche eine Nachschlage- 
tabelle von Temperaturausgleichswerten umfaBt, 

auf welche der Prozessor (15) gemaB dem Aus- 
gangssignal (OUT) und dem Temperatur-Aus- 35 
gangssignal (TEMP) zugreift, welche der Prozessor 
(15) empf&ngt. 

8. Vorrichtung nach einem der Anspruche 4 bis 6, wo- 
bei der Sensor (22, 33) an dem Ende einer langen *o 
hohlen flexiblen Sonde angebracht ist, welche zur 
Einfuhrung in eine Offnung zum Prufen von 6\ ge- 
eignet Ist. 

9. Vorrichtung nach einem der vorangehenden An- 4 s 
spruche, wobei die MeBvorrlchtung (15) eine Ein- 
meBeinrichtung umfaBt, mittels welcher bewirkt 
werden kann, daB ein Basisniveauwert des Aus- 
gangssignals (OUT) In der Spelchereinrichtung 
(17) zum Vergleich beim Bestimmen der Olgute aus so 
nachfolgenden Werten des Ausgangssignals 
(OUT) gespeichert wird. 

10. Vorrichtung nach Anspruch 9, wobei der Speicher 
(17) geeignet ist, gespeicherte Werte zu behalten, 55 
wenn die Energie unterbrochen wird. 

11. Vorrichtung nach Anspruch 10, wobei viele Werte 



in Foige auf der Basis des Ausgangssignals (OUT) 
in dem Speicher (17) zum nachfolgenden Ausge- 
ben gespeichert werden. 

12. Vorrichtung nach einem der vorangehenden An- 
spruche, wobei die MeBeinrichtung (15) eine Anzei- 
gevorrichtung (16) umfaBt, welche eine Anzeige 
der OlgQte anzelgt. 

13. Vorrichtung nach einem der vorangehenden An- 
spruche, wobei das Ausgangssignal (OUT) fur eine 
Schnittstellenverbindung mit einem Datenbus ge- 
eignet ist. 

14. Vorrichtung nach einem der vorangehenden An- 
spruche, wobei der Sensor (22, 33) eine oder meh- 
rere Kondensatorplatten (33) umfaBt, welche mit 
Offnungen (30) durchbohrt sind, urn ein Eindringen 
von Ol zu ermoglichen. 

15. Vorrichtung nach Anspruch 14, umfassendein Paar 
konzentrischer Kondensatorplatten (22, 33). 

16. Motor bzw. Maschine, umfassend eine Vorrichtung 
nach einem der vorangehenden Anspruche. 

17. Olumgehungsfilter zur Befestigung an einer Ma- 
schine, welche eine Vorrichtung nach einem der 
Anspruche 1 bis 13 umfaBt. 

1 8. Verfahren zum Messen der Olgute auf der Basis der 
Dielektrizitatskonstanten des Ols unter Verwen- 
dung einer Oszillatorschaltung (1-8), welche einen 
Kapazitatssensor (22) umfaBt, dadurch gekenn- 
zelchnet, daB der Sensor ein LC- bzw. Kristallos- 
zillator ist und ein Ausgangssignal (OUT) liefert, 
dessen Amplitude von dem Verlustverhaitnls Tan8 
des Ols abhangt und welches verwendet wird, um 
ein MaB der Olgute zu liefem. 
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Fig. 3 
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Fig. 4a 
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Fig. 4b 
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A typical complex plane plot for a liquid dielectric 




Angle of depression (high frequency limit) 4 = < I - a) t - 9 *dcg 

a = 0.9 p-0,95 



Fig. 11 
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